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SPECIFICATION 



1. TITLE OF THE INVENTION 

Method of cutting reinforced concrete structure 

2 . WHAT IS CLAIMED IS : 

(1) Method of cutting a reinforced concrete structure in which a 

reinforced concrete structure which is to be cut is melted by a 
laser. light beam and, immediately after this, a bullet for 
explosion which is formed to a grain shape is driven into a 
melt crater in said structure and said bullet is caused to 
explode by laser light beam energy, thereby causing local 
fragmentation of a small portion of said structure. 

(2} Method as claimed in Claim 1, wherein said bullet is formed as 
a solid of a curved surface of revolution with a diameter 
smaller than a melt crater which is formed in said reinforced 
concrete structure which is to be cut by a laser light beam. 

(3) Method as claimed in Claim 1, wherein said bullet is formed by 
layer adhesion on the outer periphery of an explosive or 
admixture with said explosive of a bursting element which is 
constituted by material with great specific gravity and 
strength and is for the purpose of increasing the post- 
explosion break-up force. 

(4) Method as claimed in Claim 1, wherein the surface of said 
bullet is surface-treated in order to impart suitable laser 
light beam absorption efficiency. 

3 . DETAILED DESCRIPTION OF THE INVENTION 

Field of industrial use 

The present invention relates to a method of cutting a 
reinforced concrete structure. 
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Prior art 

Conventionally, a method of effecting fragmentation by means of 
gunpowder is practised as a method of cutting structures. 

Also, a method of melt -cutting by means of a laser light beam 
has been proposed recently. 

Problems intended to be resolved by the invention 

However, with the method of fragmentation by gunpowder, 
although the method is effective in the case of structures which are 
not reinforced by reinforcement rods, it is not possible to hope for 
accurate fragmentation, and, rather than effecting cutting, this 
method effects total fragmentation, with considerable production of 
powder and dust and of vibration and noise. 

Also, in the case of a reinforced concrete structure, the 
reinforcement rods cannot be cut and therefore have to be cut by 
another method, so resulting in a large and complex system. 

In the case of melt-cutting by means of a laser light beam, the 
melt-cutting becomes difficult, since the laser light beam causes a 
highly viscous melt to be produced in a cutting groove in the 
structure . 

Means for resolving the problems 

The present invention is one which has been devised for the 
purpose of resolving such problems, and it relates to a method of 
cutting a reinforced concrete structure in which a reinforced 
concrete structure which is to be cut is melted by a laser light beam 
and, immediately after this, a bullet for explosion which is formed 
to a grain shape is driven into a melt crater in the structure and 
this bullet is caused to explode by laser light beam energy, thereby 
causing local fragmentation of a small portion of the structure. 

Effect 

In the invention, since, as described above, a bullet which is 
formed to a grain shape is driven in immediately after a reinforced 
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concrete structure has been melted by a laser light beam, oscillation 
of the laser light beam causes the bullet to pass via a cutting 
groove which has been formed in the structure and to collide with and 
disperse a highly viscous melt which has been produced in the bottom 
portion of this groove, and, as the result of the exchange of energy 
between the bullet and the dispersed melt, the bullet comes to a halt 
in the melt crater. 

At the same time, since the bullet is irradiated by the laser 
light beam, it absorbs energy of the laser light beam and explodes, 
and the portion lying along the cutting groove in the structure is 
broken up. 

In this manner, a new exposed surface is produced in the 
structure's cutting groove and, since this surface is subjected to 
laser light beam irradiation, a melt is produced again. 

Cutting of the structure is effected by subsequent repetition 
of the above cycle. 

Advantage of the invention 

Thus, according to the invention, a reinforced concrete 
structure is melted by a laser light beam, a bullet which is formed 
to a grain shape is driven into the resulting melt crater, so 
effecting cutting of the structure and removal of cut-off material, 
and, by making use of local break-up in which the powerful 
destructive force of gunpowder is accurately controlled, the 
invention improves the efficiency and precision of cutting of the 
structure. 

Example of practice 

An example of practice will now be described with reference to 
the drawings . 

Fig. 5 shows a reinforced concrete structure cutting apparatus 
which is used in the method of the invention. 1 is a laser light 
beam oscillation head, and the arrangement is made such that melt- 
cutting of a reinforced concrete structure C is effected by a laser 
light beam L which is generated by this head 1. 
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2 is a gun barrel for firing bullets which are projected into a 
melt -cutting groove which is formed in the reinforced concrete 
structure C by the laser light beam L. A pair of infrared detectors 
3 are provided at the front end of and on opposite sides of this gun 
barrel 2 . 

An infrared detector 3 is constituted by the provision of lens 
structures respectively at the front and rear of a cylinder body and 
the provision of an infrared sensor to which a signal transmission 
cord is connected, and it is made such that it detects those infrared 
rays which are to be detected within the infrared rays emitted by a 
highly viscous melt W that is produced in the reinforced concrete 
structure C by the laser light beam L. Infrared rays which pass 
through the lens structures are detected by the infrared detection 
sensors and are sent via the signal transmission cords to a 
microcomputer (not shown) , and the directions in which the infrared 
detectors are directed relative to the melt W are judged from the 
positional relations of the pair of infrared sensors on the left and 
right. Further, since the two detectors 3 are fixed with the gun 
barrel 2 in the centre, as noted above, and the axis of the gun 
barrel 2 is aimed at the melt W, the axis of the gun barrel 2 is 
aligned with the position of the melt W by a gun barrel direction 
control mechanism (not shown) which receives signals from the pair of 
infrared detection sensors on the left and right. 

Since the position of the melt W constantly changes, it is 
necessary to. constantly adjust the relation between the laser light 
beam L and the gun barrel 2 . 

4 is a bullet tank, 5 is a bullet supply pipe which connects 
this tank 4 and a bullet feed control unit 6, and a vibrator 7 is 
provided at a lower-end funnel-shaped portion of the tank 4 in order 
to cause bullets that are in the tank to be supplied in a sure manner 
under their own weight into the pipe 5. Since the tank 4 is a 
gravity supply unit, it is always held vertical by a universal joint 
(not shown), etc. Further, since the laser light beam L is directed 
to a variety of directions, the bullet supply pipe 5 is constituted 
by a flexible pipe. 
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In the bullet feed unit 6, a rotary cylinder which is in and is 
coaxial with a main body which has a circular cross section and whose 
front and rear communicate with the gun barrel 2 and the bullet 
supply pipe 5 is mounted on the rotation shaft of stepping motor 8, 
plural partition pieces are provided radially projecting at equal 
intervals in the rotary cylinder, so effecting division into bullet 
accommodation spaces between neighbouring partition pieces, through- 
holes are pierced in the rotary cylinder inner walls in each of these 
spaces, and a compressed air injection nozzle which faces the 
through-holes of the rotary cylinder is disposed on an extension of 
the central axis of the gun barrel 2 . 

Further, compressed air from an air compressor (not shown) is 
continuously supplied via an air hose 9 and from a nozzle 10 into the 
gun barrel 2 . 

It is noted that the abovedescribed reinforced concrete 
structure cutting apparatus is essentially the same as the cutting 
apparatus described in the present Applicant's Patent Application of 
the same date (Title of the invention : Structure cutting method and 
apparatus) but bullets are used instead of the spheres that are used 
in this apparatus . 

Fig. 6 - Fig. 13 show examples of bullets B. These can be 
formed in a variety of shapes, such as the cocoon shape shown in 
Figs. 6 and 7, the shell shape shown in Figs. 8 and 9, the cylinder 
shape shown in Figs. 10 and 11 or the spheres shown in Figs. 12 and 
13 and, in order to make effective use of the explosive force of 
gunpowder, bursting elements 12 of iron powder, etc. whose specific 
gravity and strength are great is adhered in layer form around an 
explosive 11 (see Figs. 6, 8, 10 and 12), or the bullet is formed as 
a mixture 13 of an explosive and a bursting element (see Figs. 7, 9, 
11 and 13) . 

Also, in order to make effective use of the energy and 
wavelength of a laser light beam L, the outer surfaces of bullets B 
are surface-treated with high-absorptivity material such as titanium, 
silicon or graphite, etc. 

Since the example shown in the drawings is constituted in the 
manner described above, a laser light beam L from the laser light 
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beam oscillation head 1 is generated and effects melt-cutting of the 
reinforced concrete structure C, and, in this process, infrared rays 
emitted by the melt W that is formed in the structure C are detected 
by the abovenoted infrared detectors 3, and the detection signals of 
these detectors are used by the gun barrel direction control 
mechanism to keep the axis of the gun barrel 2 constantly aligned 
with the melt. 

Meanwhile, bullets B are supplied from the bullet tank 4 via 
the bullet supply pipe 5 into the bullet feed control unit 6, and 1 
bullet enters a space that is formed between neighbouring partition 
pieces in the rotary cylinder. 

Further, the rotary cylinder in the bullet feed control unit 6 
is rotated in a set direction by the stepping motor 8, and, when the 
abovenoted space comes into correspondence with the gun barrel 2 and 
the supply pipe 5, the rotary cylinder is momentarily stopped, 
compressed air is injected from the through-hole at the rear of the 
space, via the nozzle provided at the rear, and the bullet B is 
discharged into the gun barrel 2 by the pressure of this compressed 
air. Further, since an empty bullet accommodation space is now 
positioned at the pipe 5 end, 1 bullet B is caused to roll into the 
empty space by gravity and by the vibration of the vibrator 7. 

Compressed air injected from the nozzle 10 causes the bullet B 
which has been supplied into the gun barrel 2 in the manner described 
above to be fired from the gun barrel 2 and into a melt-cutting 
groove which has been formed in the structure C by the laser light 
beam L . 

Thus, as illustrated in Fig. 1, the bullet B, which passes 
through the reinforced concrete structure C melt-cutting groove D 
produced by the laser light beam L, collides with the melt W that has 
been produced in the melt-cutting groove D, this melt W becomes a 
dispersed melt W, and, as the result of exchange of energy between 
the bullet B this dispersed melt W, the bullet B remains in a melt 
crater at the bottom of the melt -cutting groove D, as indicated in 
Fig. 2. 

L ' in Fig. 1 indicates the laser light beam of the preceding 

time . 
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At the same time, since the bullet B is irradiated by the laser 
light beam L, it absorbs energy of the laser light beam L and 
explodes, and, as indicated in Fig. 3, the weak direction which has 
been opened along the melt-cutting groove D in the structure C is 
broken up, becomes fragments F and is scattered. Thus, a new exposed 
surface N appears in the cutting groove D of the structure C, and a 
melt W is produced again, since this new surface N is subjected to 
laser light beam irradiation. Subsequently, the same cycle is 
repeated . 

The depth of the melt W is detected with good precision by the 
infrared detectors 3 and, when a set cutting depth is reached, a move 
to the next cutting line is made and the operation described above is 
repeated, thereby effecting cutting of the structure C. 

The distance S from the laser light beam L 1 which was radiated 
the preceding time to the newly radiated laser light beam L is made a 
dimension with which there is very suitable break-up and scattering 
of the structure C. 

Thus, with the method of this example of practice, cutting of a 
reinforced concrete structure C and removal of cut-off material are 
effected as the result of the structure C being melted by a laser 
light beam L, and of a bullet B being driven into the resulting melt 
crater E and being exploded by the laser light beam L, and the 
structure C is cut up effectively and with good precision by making 
use of local break-up in which the powerful break-up force of 
gunpowder is accurately controlled, . 

Gases and dispersed melt which are produced as the result of 
cutting by the laser light beam L and bullet B go via a waste 
recovery hose 14 connected to a suction processing unit (not shown) 
and are captured by being drawn into a recovery hood 15 which is 
provided at the front end of the laser light beam oscillation head 1. 

Needless to say, although a description of the invention has 
been given above with reference to an example of practice, the 
invention is not limited solely to such an example of practice but a 
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variety of design modifications can be implemented within a range in 
which there is no departure from the spirit of the invention. 



4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 - Fig. 3 are cross -sectional views showing stages in one 
example of practice of the reinforced concrete structure cutting 
method of the invention, Fig. 4 is a view along the line IV-IV of 
Fig. 1, Fig. 5 is a side view in longitudinal section which shows a 
reinforced concrete structure cutting apparatus which is used in the 
method of the invention, and Fig. 6 - Fig. 13 are side views in 
longitudinal section which show various examples of bullets. 

B ... bullet C . . . reinforced concrete structure 

D ... cutting groove E . . . melt crater 

L . . . laser light beam W . . . melt 

Agent : S. Okamoto, Patent Attorney and 2 others 
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